Abstract. The higher education should follow closely the fast development of modern science and technology. Particularly in those disciplines about engineering and applied sciences, the lessons about state-of-the-art techniques are very important to cultivate the students' innovation ability and capability of solving the complex engineering problems. However, how to effectively teach these contents needs careful considerations. Here, it is demonstrated that the simple calculations can achieve amusing results about the lessons on nanotechnologies such as electrospinning and electrospraying. The surface enlargement effects of nanomaterials including 2-dimensional graphene, 1-dimensional electrospun nanofiber, and 0-dimensional nanoparticle are calculated. All the calculation demonstrate that the magnitude of surface area increase is equal to the magnitude the size decrease. These simple calculations can be good start points for giving lessons about nanotechnologies to college students, can make the courses more vivid, and can provoke the students' interests about new kinds of advanced techniques.
Background
This is a nano era. Nanomaterials can find their applications in a wide variety of fields including energy, environment, biomedical engineering, drug delivery and so on [1] [2] [3] [4] [5] [6] . The nanotechnologies that are applied to create these nanomaterials are not only subjects for researchers majored in this area, but also should be excellent teaching materials for the college and graduate students. Nanosheet, One-Dimensional Nanofiber, and Zero-dimensional Nanoparticle.
Today's knowledge system is going fast from the macroscale to the microscale. Our ancestor's superstitions are continually broken down. However, we are still puzzled by the things happened at the nanoscale, we still feel powerless against some viruses and diseases. Thus, the nanomaterials, often having a microscale material range between a cell (about several decades microns) and an atom/molecule (about several fractions of a nanometer), are the hottest topic in our lives (Fig. 1) . A generalized description of nanotechnology was established by the National Nanotechnology Initiative, which defines nanotechnology as the manipulation of matter with at least one dimension sized from 1 to 100 nanometerials [7] .
In practice, the range is often enlarged from 1 nm to 1000 nm. And based on the above-mentioned concept, a traditional method to divide the nanomaterials is according to the nanomaterials' dimensions that fall in this range. The nanomaterials having two dimensions at the nanoscale are termed as 2-dimensional (2D) nanosheets, one example is graphene. Similarly, those nanomaterials having one dimension at the nanoscale are termed as 1-dimensional (2D) nanomaterials, one example is nanofiber. Nanomaterials with all the three dimensional sizes smaller than 1000 nanometers are called zero-dimensional (0D) nanomaterials, a series of nanoparticles, nanospheres, and nanoemulsions belongs to this kind of materials [8] [9] [10] .
Today, the higher education about materials science and engineering should emphasize the applications of these nanoproducts and their related nanotechnologies as effective teaching materials in higher education. Particularly, these contents should be very useful to cultivate the students' complex engineering problem solving capability and engineering innovation ability. Although nanometrology, as a subfield of metrology and concerning with the science of measurement at the nanoscale level, has now divided it from the traditional nanotechnology, the simple calculations with the size and surface area about nanomaterials can be effectively exploited to teach the undergraduate students. Nano-, a prefix in the International system of units and other systems of units, denotes a factor of 10 −9 (one billionth). Most frequently, the improved or even new functional performances provided by the nanomaterials are based on their huge surface area, an essential results from the nanoscale size. To effectively teach the students about nanotechnology and nanomaterial, the simple calculations about nanomaterials' surface areas can achieve amusing results.
A Calculation about the Surface Enlargement from 2D Nanomaterials
Graphene, as an allotrope of carbon, can be considered as an indefinitely large aromatic molecule. Graphene was rediscovered, isolated, and characterized in 2004 by Andre Geim and Konstantin Novoselov at the University of Manchester. Research was informed by existing theoretical descriptions of its composition, structure, and properties. This work resulted in the two winning the Nobel Prize in Physics in 2010 "for groundbreaking experiments regarding the two dimensional material graphene" [11] . It has many unusual properties such as about 200 times stronger than the strongest steel, efficient conductivities of heat and electricity, and transparent property. However, one of the most attractive properties is its huge surface area [12] . Graphene has a theoretical specific surface area (SSA) of 2630 m 2 /g. This is much larger than that reported to date for carbon black (typically smaller than 900 m 2 /g) or for carbon nanotubes (CNTs), from ≈100 to 1000 m 2 /g and is similar to activated carbon. Graphene is a crystalline allotrope of carbon with 2-dimensional properties. Its carbon atoms are densely packed in a regular atomic-scale chicken (hexagonal) pattern. Each atom has four bonds, one σ bond with each of its three neighbors and one π-bond that is oriented out of plane. The atoms are about 140 pm. A diagram of graphene is shown as Fig. 2 . A simple calculation about the surface enlargement of this typical 2D nanomaterials can be carried out to determine the magnitude of surface enlargement.
Based on the same amount of materials, i.e. V1=V2, T1S1=T2S2, thus, S1/S2=T2/T1=T2/140 pm (where V, T, and S represent volume, thickness and surface, respectively). Thus compared with a solid sheet at the macroscale with a thickness of 1mm, the 2D single-atom layer increase a surface of 1mm/140pm=7.14×106.
A Calculation about the Surface Enlargement from 1D Nanofibers
Today, nanofibers are popular in a series of fields, particularly the non-woven nanofiber mats that are prepared using an electrospinning process [13] [14] [15] . These nanofiber mats have both large surface area , 3D web structures with huge porosity [16, 17] . For the cylindrical nanofibers, their volume (V) can be roughly calculated according to the following concept. When two types of materials (one nanofiber and the other traditional fiber at macroscale) are prepared with the same volumes (Fig. 3) , i.e. V 1 = V 2 , then, they have different length (L) because of different radii (R). Their length ratio can be deduced as follows:
. Thus, their surface enlargement by the nanofibers can be simply calculated as:
This simple calculation clearly demonstrates that how much the diameters of the fibers are reduced, how much the surface areas are increased. Based on this simple calculation, it becomes easier to give the lessons about electrospinning to the undergraduate students about what this type of advanced nanotechnology can do for us. It can draw the working fluids millions of times under the electrical fields to generate the solid nanofibers, and thus provide 1D nanomaterials with extremely large surface area [18] [19] [20] [21] [22] [23] . Meanwhile, this comprises a start point to provoke the students' interests about the working process of electrospinning, which should in turn promote the students to do self-learning about advanced techniques.
A Calculation about the Surface Enlargement from 0D Nanoparticles
Needless to say, the most nanoproducts are 0D nanoparticles. Electrospraying, as a peer of electrospinning, is a simple "top-down" and straightforward technology for fabricating particles from a wide variety of materials such as polymers, phosphilipid, and also inorganic materials [24] [25] [26] [27] . The enlargement of surface area form eyeable particles to nanoparticles can similarly calculated (Fig. 4) . For the volume (V) of sphere, it can be calculated according to the equation: V= 4/3πr 3 , where r is the sphere' radius, and the surface can be calculated according to the equation: S=4πr 2 . When two types of particles (one nanoparticles and the other particles can be seen using naked eyes) are prepared with the same volumes (Fig. 4) Just as the nanofibers, based on this simple calculation, it becomes easier to give the lessons about electrospraying to the undergraduate students about what this type of advanced nanotechnology can do for us. Electrospraying first generates near-monodisperse droplets whose size can be varied between a few to hundreds of micrometers. Later, the droplets rapidly shrink due to the fast evaporation of solvents resulting from the Coulombic explosion. The huge surface areas of the micro-droplets provide the possibility for complete of the solvents and the solidification of products. The facile interactions of electrons with fluid solvents accelerate their evaporation. After the solvent exhaust, the droplets shrink, and finally solid nanoparticles are formed [28, 29] . With the simple calculation, the working mechanism of electrospraying can be explained more concrete to the students, impressing them about the similar enlargement effects of 2D, 1D and 0D nanomaterials.
Summary
Being a nano era, the effective teaching of advanced nanotechnologies to the undergraduate students is very important to cultivate their capability of resolving complex problems and engineering innovation ability. The simple calculations about the sharply increase of surface areas from nanomaterials including 2D graphene, 1D nanofibers, and 0D nanoparticles can make the students have a clear understanding of advanced nanomaterials and the related nanotechnologies including electrospinning and electrospraying. Through calculations, it is demonstrated that the magnitude of surface enlargement is equal to that of the materials size reduction, regardless of their dimensions. These simple calculations can be good start points for giving lessons about nanotechnologies to college students, can make the courses more vivid, and can provoke the students' interests about new kinds of advanced techniques.
